ABSTRACT: Submerged fermentation (SmF) was carried out using the pumpkin oil cake (PuOC) as a substrate for the production of exo-pectinase (exo-p) by Penicillium roqueforti. PuOC was used as carbon, nitrogen and mineral source for fungi growth and exo-p production. SmF was carried out in the production medium containing 0.2% KH 2 PO 4 , 0.1% MgSO 4 and 0.1% NaCl, supplemented with PuOC at 2% concentration. The obtained results show that P. roqueforti cultivated in a liquid medium in the presence of PuOC as a source of nitrogen, produced significant amount of exo-p, activity 161.03 U/ml.
INTRODUCTION
Agro-industrial residues are generally considered as convenient substrates for biotechnological processes (P a n d e y et al., 2000) . Wheat bran (S um a n t h a et al., 2005, T a r a g a n o et al., 1997), sugar beet (S o l i s -P er e i r a et al., 1993), coffee pulp (B o c c a s et al., 1994), lemon peel (S i e ss e r e et al., 1989), apple pomace (P e r i å i n et al., 1992), grape pomace ( B o l t e l l a et al., 2007) and deseeded sunflower head (P a t i l, 2006), have been employed for the cultivation of microorganisms to produce pectinase. In recent years there has been an increasing trend towards efficient utilization and value-addition of oil cakes. Biotechnological process has contributed enormously to such reutilization. There are several reports describing the application of sunflower oil cake (SuOC), sesame oil cake (SOC), soy-bean cake (SBC), coconut oil cake (COC) and olive oil cake (OOC) for microbial production of enzymes (R a m a c h a n d r a n et al., 2006) . In this respect, use of pumpkin oil cake (PuOC), as fermentation media, may be of an interest.
PuOC cake is a by-product obtained after oil extraction from dried pumpkin seed. Its only use is to feed animals and no other application has been found, yet. Due to their composition (soluble sugars, crude proteins, crude fi-bers, lipids and trace amounts of minerals), PuOC could serve as a good substrate for SSF and SmF production of enzymes.
Microorganisms, especially fungi, owing to their GRAS (Generally Regarded As Safe) nature, have now become popular, especially with respect to enzyme application in the food industries (P a n d e y, 1992). Aspergillus and Penicillium sp. are the predominant fungal sources of the pectinase (B o t e ll a et al., 2007, B l a n d i n o et al., 2001) .
Penicillium roqueforti is a filamentous fungus used in the dairy industry, and plays an important role in blue cheeses production. Although P. roqueforti is able to produce several mycotoxines, such as PR-toxin, eremofortin, roquefortin C, mycophenolic acid patulin, penicillic acid and isofumigiclavins, these toxins are unstable or of low concentration (V a l i k et al., 1999). Some strains that are considered as GRAS are used as starters, for cheese production.
There are several reports describing the use of oil cake for producing enzymes by different fungi, but there is no data about P. roqueforti.
The objective of this work was to investigate the potential of PuOC as a substrate for the production of exo-p using a GRAS strain of P. roqueforti in submerged fermentation (SmF). To the best of our knowledge this is the first report on pectinase production using PuOC.
MATERIAL AND METHODS

Microorganisms and maintenance of culture
Penicillium roquefroti was used in this study. The fungi was grown and maintained on potato dextrose agar (PDA) slants. Spore suspension of 10 8 spores/ml in 0.1% of Tween 80, produced from one-week-old fully sporulated slant, was used for inoculation.
Substrates
Substrates used in the study were PuOC. Chemical composition is shown in Table 1 
Media and fermentation procedure
SmF was carried out by taking 50 ml of the production medium, containing 0.2% KH 2 PO 4 , 0.1% MgSO 4 and 0.1% NaCl in 300 ml Erlenmeyer flask. This was supplemented with PuOC at 2% of the concentration. All the flasks were autoclaved at 121.5°C for 20 min and after cooling were inoculated with 1 ml of spore suspension and incubated on a rotary shaker at 180 rpm at 26°C for a desired period.
During the fermentation, samples (inoculated and without inoculate) were collected from the shaker at regular intervals during 24 h (every day from the beginning of the process) for further analysis. Samples were filtrated, and filtrate was used for measuring the pH, reducing sugars, proteins and exo-pectinase activity. Solids were used for measuring the cell dry weight.
Biomass production measurement
Biomass production was measured as dry weight (DW). DW measurement was based on differences between weight of filter paper measured before and filter paper with biomass, measured after drying.
After filtration, filtrate was removed and solids on the filter papers were dried at 40°C for about 2 days, until a constant weight was obtained.
Enzyme assay
Exo-pectinase (exo-p) activity was measured according to the literature ( A g u i l a r et al., 1990). One unit was defined as the amount of enzyme that catalyzed the formation of 1 mmol of galacturonic acid per hour at pH 5.0.
Analytical methods
Protein content was determined by the method of L o w r y (1951), with BSA as a standard.
Concentration of reducing sugars was examined by DNS method by M i l l e r (1959).
RESULTS
As it can be seen in Fig. 1 , it was possible to grow P. roqueforti using PuOC as the sole nutrient source in the culture medium. P. roqueforti biomass was determined by measuring DW. Growth of P. roqueforti was low during the first five days, but later an increase was obtained. This trend can be explained considering both the rate of suspended solids consumption and the rate of microorganism growth. Moreover, it is necessary to consider that DW measurements from the bulk liquor include all solids present in the fermenta-tion broth. In this respect, we decided to measure both the inoculated medium and the same one, but without inoculate (WI). The obtained results are in correlation with previous works (B l a n d i n o et al., 2001, W e b b et al., 1997). Fig. 2 showed that the production of exo-p was significant, under these experimental conditions.
As it can be seen, exo-p showed two-phase kinetics. In the first stage, a continuous increase in exo-p activity was observed, obtaining the highest value on the 3 rd day. This phase is in correlation with lag phase of growth of P. roquefotri (Fig. 1) . In the second stage, 6 th day of fermentation, second maximum was reached. In the beginning, fungi used for its growth the fermentable sugars and synthesed basal activity of exo-p, which was followed by the maximum activity of 111.75 U/ml. When the easy-degradable sugars were exhausted from the medium, and basal activity of exo-p were secreted, the fungi started to degrade more complex compounds and exo-p activity started increasing more, after the fourth day of the inoculation. New obtained maximum was 161.03 U/ml. Hydrolysing polysaccharides, the amount of reduced sugar increased, although the fungi were using them for their growth (Fig. 3) . Fig. 4 illustrated the comparison of time course of protein concentration during the fungi cultivation, in fermentation medium and in medium without inoculums (WI). The obtained results show an increase of protein amount, in inoculated medium, which is in correlation with the production of enzyme secretion, shown in Fig. 2 .
The crude extract of the pectinase P. roqueforti showed high activity after five days of cultivation, as it was shown in Fig. 1 , which was followed with the increase of pH in fermentation medium (Fig. 5) . 
DISCUSSION
Based on the results, we found that P. roqueforti cultivated in a liquid medium in the presence of PuOC as a source of nitrogen, produced significant amount of exo-p. Firstly, fungi used the fermentable sugars from the cake for their growth, and later they started consuming more complex compounds, which led to higher concentration of reducing sugars in the cultivation medium. After six days of fermentation the amount of reducing sugars in medium with and without inoculation, were 1.67 and 0.44 mg/ml, respectively. It should be also, pointed out, that with enzyme production, pH increases, which is not in agreement with the findings of F r i d e r i c h et al., 1989, who stated that the growth of A. niger was followed with acidification and decreasing of pH. Effect of inorganic phosphate on the secretion of pectinolytic enzymes by Aspergillus niger, Lett. in Appl. Microb. 14: 275-278. R a m a c h a n d r a n, S., S i n g h, S. K., L a r r o c h e, C., S o c c o l, R. C. and P a n - 
